




 

 

TECHNICAL MEMORANDUM  

 

  

STREAMFLOW THRESHOLD S FOR JUVENILE SALMO NID 

REARING  AND ADULT SPAWNING  HABITAT IN THE 

MATTOLE HEADWATERS S OUTHERN SUB-BASIN  
  

 

 

 

 

 

August 7, 2012 
 

 

PREPARED FOR: 

 

TROUT UNLIMITED  

 

PREPARED BY: 

 

MCBAIN & TRUSH, INC.

 



 

 

 

TABLE OF CONTENTS                                                                                              PAGE  

1 Introduction ....................................................................................................................... 1 
2 Study Goals ....................................................................................................................... 3 

3 Study Sites ........................................................................................................................ 4 
4 Methods............................................................................................................................. 8 

4.1 Streamflow Data ......................................................................................................... 8 
4.2 Streamflow Thresholds for Smolt and Juvenile Salmonid Rearing Habitat .............. 9 
4.3 Applying Hydraulic Habitat Thresholds .................................................................. 11 

4.3.1 Habitat Continuity Assessment ......................................................................... 14 
4.4 Estimating Streamflow Thresholds for Juvenile Steelhead and Coho Rearing ....... 14 

4.4.1 Juvenile Salmonid Habitat Abundance ............................................................. 15 
4.4.2 Juvenile Salmonid Habitat Quality ................................................................... 15 
4.4.3 BMI Productivity .............................................................................................. 15 

4.5 HHTs to Estimate Streamflow Thresholds for Spawning Habitat ........................... 16 

4.5.1 The Geomorphic Setting for Pool Ramp Spawning Habitat ............................. 16 
4.5.2 HHTs for Spawning Habitat Availability ......................................................... 17 

4.6 Large (1+) Juvenile Coho Rearing ........................................................................... 18 
4.7 Wetted Perimeter Methods ....................................................................................... 20 

5 Results ............................................................................................................................. 21 

5.1 HHT Field Measurements in Each Study Site ......................................................... 21 
5.2 Wetted Perimeter Results. ........................................................................................ 22 

5.3 Instream Flow Thresholds for 1+ Coho Rearing Habitat ......................................... 27 
5.4 Continuity Assessment for Juvenile Rearing Habitat .............................................. 27 
5.5 Spawning Thresholds ............................................................................................... 31 

5.6 Streamflow Thresholds ............................................................................................ 31 
6 Recommendations ........................................................................................................... 34 

7 References ....................................................................................................................... 36 
8 Appendix ......................................................................................................................... 40 

8.1 HHT Data ................................................................................................................. 40 
8.2 Productive BMI Riffle Habitat Data ........................................................................ 44 

 

 

 

 

 

 

 

 

 

 



1 

 

1 INTRODUCTION  

 

In a Mediterranean climate, summers are hot and dry. Baseflows in even large rivers such as 

the Mattole River can recede to intermittent surface streamflow by mid-summer in drier 

years. A one to two-and-a-half month period of very low seasonal baseflow occurs in almost 

all summers in the Mattole Headwaters. During this summer low flow period, juvenile 

steelhead and coho struggle to survive. If a juvenile salmonid does survive, it can rear 

through the winter and migrate to the Pacific Ocean the following spring.  

 

For a juvenile steelhead or coho, the chance of returning as a spawning adult is very much a 

function of its smolt size upon entering the Pacific Ocean (Kabel and German 1967, Hume 

and Parkinson 1988, Ward and Slaney 1988, Ward et al. 1989, and Hayes et al. 2008). But 

the Mattoleôs lower mainstem and estuarine rearing habitats have been significantly degraded 

(MRRP 2009). As a result, juvenile salmonids can no longer rely on additional growth during 

their pre-smolt and smolt outmigration, as they once did throughout the Mattoleôs lower 

mainstem and estuary, to significantly improve their chances of returning as adults. The 

Mattole Headwaters, and particularly its Southern Sub-Basin (Figure 1), maintains the 

coolest summer temperatures in the watershed (NMFS 2012), making it the best candidate 

for sustaining juveniles through the summer low flow period and subsequently growing large 

smolts (> 170 mm fork length) by the following spring. Maintaining this key life history 

tactic is essential, because recovery of the mainstem Mattole River and estuary is going to 

take time.  

 

The early-summer transition from productive to stressful rearing conditions was a common 

and natural occurrence when the Mattole watershed was pristine, but it could now be 

occurring earlier, more intensely, and more frequently as a result of a cumulative effect from 

multiple streamflow diversions. Small individual diversions that might appear 

inconsequential in winter and spring, or even early-summer in wetter years, cumulatively can 

become highly consequential by mid-summer through early-fall. To improve streamflow 

during receding summer baseflow, but particularly during the highly stressful summer low 

flow period, Trout Unlimited and the Center for Ecosystem Management and Restoration 

(TU/CEMAR) have partnered with the Mattole Riverôs Sanctuary Forest and local water 

users to increase winter water storage as an alternative to direct summertime diversions. 

Sanctuary Forest has a well-established program to help local residences install water tanks 

as an alternative to summertime diversions. TU and CEMAR are working with Sanctuary 

Forest expand that program to non-residential water users and develop a long-term 

Streamflow Improvement Plan for Mattole Headwaters local water users, which includes this 

instream flow needs (IFN) study.  
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Figure 1. The Mattole Headwaters Southern Sub-Basin (Downie et al. 2003). 
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2 STUDY GOALS  

 

Our primary study goal was to identify an instream flow threshold for the summer low flow 

period in the Mattole Headwaters. In an instream flow needs (IFN) study, the term 

ñthresholdò denotes an abrupt change in habitat or ecological function as a direct response to 

a small change in streamflow. We identify the summer low flow period by its effect on 

juvenile salmonid growth. Streamflow less than the summer low flow threshold will be 

highly stressful and will result in poor to negative growth, higher risks from disease, 

predation, shrinking habitat area, and heightened competition for limited food. Extended 

durations with streamflow below the summer low flow threshold will substantially decrease 

chances of a juvenile salmonid surviving the summer. But survival through the low flow 

period will also depend on a juvenileôs condition and health upon entering the summer low 

flow period. Cumulative diversions during receding baseflow leading up to the summer low 

flow period could still degrade juvenile salmonid rearing habitat and lower overall stream 

productivity. From a management perspective, cumulative diversions during summer low 

flow could be curtailed, but the success of juvenile steelhead and coho would still be 

compromised if cumulative diversions preceding the summer low flow were significant. A 

secondary study goal, therefore, was to identify streamflow thresholds occurring before the 

onset of the summer low flow period that might jeopardize a juvenile salmonidôs chances of 

surviving. Also, the recession from spring high flows to summer low flows may begin when 

adult steelhead are still spawning, particularly in drier water years. A third study goal, 

therefore, was to estimate minimum streamflow thresholds for spawning habitat availability. 

Collectively, these streamflow thresholds will be necessary in devise a cumulative diversion 

strategy for the Mattole Southern Sub-Basin and permit terms acceptable to the State Water 

Resources Control Board, Department of Fish and Game, and other state/federal resource 

agencies. 

 

Study Goal No. 1 ï Estimate the upper instream flow threshold for the summer low flow 

period in the Mattole Headwaters.  

 

Study Goal No. 2 ï Estimate instream flow thresholds during receding spring and early-

summer streamflows below which diversions would likely affect the ability of juvenile 

salmonids to survive the summer low flow period in the Mattole Headwaters.  

 

Study Goal No. 3 ï Estimate minimum streamflow thresholds for adult steelhead and coho 

spawning habitat availability in the Mattole Headwaters.  
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3 STUDY SITES 

 

The study area is the CDFG Mattole Watershed Assessment ñSouthern Sub-Basinò (Downie 

et al. 2003, Figure 1) with a drainage area of 29.5 mi
2
 (including McKee Creek, entering the 

mainstem just upstream of Bridge Creek). Within this study area, four study sites were 

assessed along 6.5 miles of the Mattole River mainstem upstream of Thorn Junction (Figure 

1). The sites included three mainstem sites and one tributary site, incorporating gaining and 

losing reaches of the watershed.  

 

Each study site included five to seven hydraulic units. An hydraulic unit (HU) is the basic 

bar-pool morphology typical of alluvial and depositional streams (Dietrich, 1987). Although 

bedrock hydraulic controls are prominent in the Mattole Headwaters, the depositional bar-

pool sequence (hydraulic unit) occurred throughout our study sites. Hydraulic units are 

naturally delineated by an upstream and a downstream riffle crest. Often, HUs correspond to 

the meander of the thalweg, beginning where the thalweg crosses from one side of the 

channel to the other and lasting to the next cross-over downstream.  

 

Each hydraulic unit contained an upstream riffle or cascade, and a downstream pool or run. 

In traditional mesohabitat typing, the riffles/cascades are inventoried and assessed separately 

from the pools and from the runs. But juveniles or smolts in a pool are significantly affected 

by the extent and quality of the riffle/cascade/waterfall immediately upstream. Therefore we 

used these naturally delineated hydraulic units to quantify the transition from good to poor 

habitat conditions in a reach.  
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Junction study site 

The mainstem Junction study site (Figure 2) starts approximately 1200 ft upstream from the 

confluence of Mckee Creek and the Mattole River, just south of Thorn Junction (Figure 1). 

There is a box car bridge and access to Rd A, at the downstream end of Junction study site. 

This mainstem study site, continuing 1560 ft upstream, has seven hydraulic units (HU-7 was 

not mapped). 

 

Figure 2. Junction study site and designated hydraulic units (HU).  
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Whitethorn study site 

The mainstem Whitethorn study site (Figure 3) starts approximately 300 ft downstream from 

the confluence of Gibson Creek and the Mattole River (Figure 1). Shafer Bridge, at the 

downstream end, can be accessed approximately 0.25 mile north of Whitethorn Elementary 

School. The Whitethorn study site continues 1830 ft upstream and has a sequence of eight 

hydraulic units. During summer, this reach often experiences losing streamflow.  

 

Figure 3. Whitethorn study site and designated hydraulic units. 
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Upper Mainstem study site 

The Upper Mainstem study site (Figure 4) starts approximately 950 ft upstream of the 

entrance to the redwood retreat property and 1700 ft downstream from Thompson Creek. The 

Upper Mainstem study site continues upstream 700 ft and has a sequence of five hydraulic 

units. The site ends below the redwood retreatôs storage buildings.  

 

Figure 4. Upper Mainstem study site and Thompson Creek study site with designated hydraulic units. 
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Thompson Creek study site 

The Thompson Creek study site (Figure 4) begins at the confluence with the mainstem 

Mattole River and extends 600 ft upstream to the redwood retreatsô water diversion.  The 

Thompson Creek study site includes a sequence of six hydraulic units. Thompson Creek 

watershed is 3.7 mi
2
 and the Mattole River Sub-Basin upstream of Thompson Creek has a 

drainage area of 5.8 mi
2
. This confluence changes the mainstemôs downstream stream order 

from 3 to 4. The redwood retreat center is located between the Thompson Creek study site 

and the Upper Mainstem study site. 

 

4 METHODS 

4.1 Streamflow Data 

One of TUôs principal goals for the Streamflow Improvement Plan is to identify how often 

the flow thresholds associated with particular ecological processes or functions are exceeded 

at each study site over a long-term period. Quantifying the number of days the specific 

instream flow thresholds were met in a given water year is beyond the scope of this IFN 

study, however, a series of annual hydrographs provided a shows the periodicity of flow 

thresholds in different water years.  

 

 

Figure 5. Modeled annual hydrographs showing spring/summer recession at Junction study site in 

Mattole Headwaters. 
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